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A treatment for necrotizing enterocolitis 

Field of the Invention 

This invention relates generally to compositions and methods for treating or preventing necrotizing 
enterocolitis (NEC). 

Background of the Invention 

Necrotizing enterocolitis is a devastating illness in premature infants. The pathogenesis of NEC 
involves a combination of predisposing factors that leads to mucosal injury and intestinal necrosis. 
Intestinal ischemia, enteral feeding, bacterial colonization, and gut immaturity have all been 
implicated in the pathogenesis of NEC (17;20). NEC is rarely, if ever, observed in utero and ninety 
percent of infants with NEC are born preterm (20) making premature birth the single most common 
risk factor for the condition in humans. Amniotic fluid contains hormones and peptides that play a 
role in intestinal maturation and preparation for postnatal enteral feeding. Preterm birth may not 
allow for proper maturation of the gut. Furthermore, a 6-10 fold increase in the incidence of NEC has 

* 

been reported in formula-fed infants compared with breast-fed infants (20). 

Recent studies have reported a significant decrease in salivary and circulating epidermal growth factor 
(EGF) in infants with NEC suggesting a relationship between reduced levels of EGF and the 
development of NEC (44). EGF is present in breast milk, and studies have shown NEC occurs less 
often in premature infants fed breast milk compared with formula-fed infants (43). However, in the 
clinical setting, these patients are intubated. As feeding of human milk in premature infants of less 
than 1500 g has been associated with poorer rates of growth and nutritional deficits (43), most of their 
nutritional requirements are met via total parenteral nutrition administered through a central line. 
Furthermore, technical factors associated with the collection, storage and delivery of breast milk to 
premature infants renders the use of human breast milk difficult, and even unlikely in this clinical 
context. 

Anti-infective properties of EGF against a variety of pathogens have been previously demonstrated 
(6-12;29). Bacterial colonization has been identified as a prerequisite in the development of NEC 
(17). Although NEC can present in clusters (17) and displays an epidemiology reminiscent of a 
nosocomial infection (3;30) no particular pathogen has been associated with the pathogenesis of NEC. 
These findings suggest that NEC may be the result of a secondary inflammatory response to the 
colonizing organisms rather than a direct infection. The role of bacterial colonization in the 
development of necrotizing enterocolitis is supported by evidence indicating that oral antibiotics 
reduce the incidence of NEC in low birth weight infants (13). EGF enhances mucosal wound repair. 
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This effect appears to be due to both a direct effect of EGF to accelerate mucosal wound repair 
(27;41) and to the anti-infective properties of the peptide. Experimental gastric ulcers are rapidly 
colonized by various bacteria, resulting in delayed healing. Both antibiotics and EGF treatment 

4 accelerated ulcer healing in parallel with reduced bacterial colonization (25;26). In addition, EGF has 
been shown to enhance gut maturation in neonates (38;39). Epidermal growth factor has also been 
shown to prevent gastric mucosal injury induced by necrotizing agents such as absolute ethanol and 
aspirin. This mucosal protection conferred by EGF in the stomach is accompanied by an increase in 

8 gastric blood flow (33). 

Intestinal ischemia has been implicated as a risk factor in the development of NEC. Nitric oxide (NO) 
is a biological mediator that is produced by the activity of the enzyme nitric oxide synthase on the 
amino acid L-arginine. In the gastrointestinal system, NO is an important regulator of mucosal blood 

12 flow. In the face of injury or inflammation, NO is critical to the maintenance of mucosal integrity and 
intestinal barrier function. Inhibition of NO synthesis in a variety of animal models of bowel injury is 
associated with increased intestinal damage (16;36). Application of exogenous sources of NO in 
these models attenuates the damage. In a neonatal piglet model of NEC, infusion with L-arginine 

16 markedly reduced intestinal injury (22). Furthermore, plasma L-arginine concentrations are decreased 
in premature infants diagnosed with NEC suggesting a causal relationship (47). In a recent double- 
blind, placebo controlled trial conducted with a population of 152 infants (birthweight ^1250 g and 
gestational age <32 weeks), dietary L-arginine supplementation significantly reduced the incidence of 

20 NEC in high risk neonates from 27% to 7% (2), clearly demonstrating therapeutic efficacy. 

Other factors have been found to have a beneficial effect against NEC, for example: breast milk 
(23;37); L-carnitine (1) , platelet-activating factor receptor antagonists (15), intestinal Lactobacillus 
and Bifidobacterial supplementation (14;32); interleukin 10 (40), IgA supplementation (24), enteral 
24 antibiotic prophylaxis (45), early postnatal dexamethasone treatment (28), and neonatal formula 
supplemented with egg phospholipids (19). 

Despite the many agents known to have potential in the treatment of NEC, in the clinical setting, the 
most common treatment for NEC remains a regimen of antibiotics. Systemic antibiotic therapy with 

28 ampicillin and gentamicin is typically provided unless resistant Staphylococcus epidermidis is 
suspected, in which case vancomycin is used instead of ampicillin. Clinamycin, metronidazole, or 
other anaerobic therapy is often used to treat anaerobic infections if perforation is suspected or has 
occurred (35). There is, however, no fully preventative or therapeutic treatment for preventing or 

32 treating NEC. 
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Summary of the Invention 

An aspect of the invention is to provide a composition comprising an EGF receptor agonist and L- 
arginine, a bioequivalent of L-arginine, or an NO-donor wherein the ratio of the agonist and L- 

4 arginine, bioequivalent thereof, or NO-donor is between 1:45,000,000 and 1:4,500 (mole:mole), or 
between 1:20,000,000 and 1:100,000, or between 1:10,000,000 and 1:1,000,000, or between 
1:4,700,000 and 1:47,000. The composition can be solid, lyophilized or solution form. The 
composition can be delivered by orally or enterally. The EGF receptor agonist can be EGF. The 

8 composition can be used for the treatment of necrotizing enterocolitis. 

Another aspect of the invention is to provide a unit dose comprising L-arginine, bioequivalent thereof, 
or an NO-donor and an EGF receptor agonist suitable for the oral administration to an animal upon 
dissolution with a pharmaceutical^ acceptable liquid. The pharmaceutical^ acceptable liquid is 

12 selected from the group consisting of water, saline, infant formula, buffered solution, expressed breast 
milk, other suitable carriers, and combinations thereof. The unit dose may comprise L-arginine in a 
quantity of from about 200 mg/kg/day (0.9 mmol/kg/day) to about 500 mg/kg/day (2.4 mmol/kg/day), 
or more preferably from about 250 mg/kg/day (1.2 mmol/kg/day) to about 400 mg/kg/day (1.9 

16 mmol/kg/day), or more preferably from about 300 mg/kg/day (1.4 mmol/kg/day) to about 350 
mg/kg/day (1.6 mmol/kg/day). The EGF receptor agonist may be supplied in a quantity of 0.032 
nmol/kg/day to about 0.32 umol/kg/day, or more preferably from about 0.16 nmol/kg/day to about 
0.16 mmol/kg/day, or more preferably from about 0.32 nmol/kg/day to about 32 nmol/kg/day. 

20 Another aspect of the invention is to provide a unit dose comprising L-arginine, a bioequivalent 
thereof, or an NO-donor and an EGF receptor agonist suitable for the intravenous administration to a 
human infant, optionally upon dissolution with a pharmaceutically suitable solution. The ratio of the 
agonist and L-arginine, bioequivalent thereof, or NO-donor may be between 1 :45 ,000,000 and 1 :4,500 

24 (mole:mole), or between 1:20,000,000 and 1:100,000, or between 1:10,000,000 and 1:1,000,000, or 
between 1:4,700,000 and 1:47,000. 

Another aspect of the invention is to provide a method of treating necrotizing enterocolitis in an 
animal and a method of prophylaxis of necrotizing enterocolitis in an animal, the method comprising 

28 administering an EGF receptor agonist and L-arginine, a bioequivalent thereof, or an NO-donor to the 
animal. The method may be used to treat an infant, particularly an infant suffering from 
cardiovascular disturbances, or a premature infant at an age prior to normal term. For example, the 
human infant may have a weight of less than or equal to about 1700 g, or less than about 1400 g, more 

32 preferably less than about 1300 g, more preferably less than about 1200 g, more preferably less than 
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about 1100 g, more preferably less than about 1000 g, more preferably less than about 900 g, more 
preferably less than about 800 g, more preferably less than about 750 g. 

Another aspect of the invention is to provide a method of treating necrotizing enterocolitis or of 
4 prophylaxis of necrotizing enterocolitis in a premature infant, the method comprising enterally 
administering to the infant an EGF receptor agonist and L-arginine, a bioequivalent thereof, or an NO- 
donor. The EGF receptor agonist and L-arginine, a bioequivalent thereof, or an NO-donor may be 
administered together in a mixture. The mixture may be administered at least once daily. 

8 Another aspect of the invention is to provide a kit comprising therapeutic amounts of an EGF receptor 
agonist and L-arginine, a bioequivalent thereof, or an NO-donor, and instructions for use in the 
treatment of a medical disorder, for example necrotizing enterocolitis. The agonist and L-arginine, a 
bioequivalent thereof, or NO-donor may be supplied combined in solid form. The instructions may 
12 include the step of dissolving the solid form in a solution suitable for oral administration or 
intravenous administration. The agonist and L-arginine, a bioequivalent thereof, or an NO-donor may 
be supplied separately. The instructions may include a step of mixing the agonist and L-arginine, a 
bioequivalent thereof, or an NO-donor before administration. 

16 Another aspect of the invention is to provide a method of treating NEC in an animal comprising 
delivering an EGF receptor agonist to the intestinal tract of the animal and increasing the in vivo 
generation of NO within the intestinal tract of the animal. This can be done by administering a 
substrate of nitric oxide synthase, a bioequivalent of the substrate, or an NO donor to the animal. 

20 Another aspect of the invention is to provide a method of treating a person, optionally an infant, at 
risk of NEC comprising delivering an EGF receptor agonist to the intestinal tract of the patient and 
increasing the in vivo generation of NO within the intestinal tract of the person. This can be done by 
administering a substrate of nitric oxide synthase, a bioequivalent of the substrate, or an NO donor to 

24 the animal. 

Another aspect of the invention is to provide a use of an EGF receptor agonist and L-arginine, a 
bioequivalent thereof, or an NO-donor for treating necrotizing enterocolitis in an animal. The animal 
may be an infant, particularly an infant suffering from cardiovascular disturbances, or a premature 

28 infant at an age prior to normal term. For example, the infant may have a weight of less than or equal 
to about 1700 g, or less than about 1400 g, more preferably less than about 1300 g, more preferably 
less than about 1200 g, more preferably less than about 1100 g, more preferably less than about 1000 
g, more preferably less than about 900 g, more preferably less than about 800 g, more preferably less 

32 than about 750 g. The use can be for the prophylaxis of necrotizing enterocolitis in a premature 
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infant. The EGF receptor agonist and L-arginine, a bioequivalent thereof, or an NO-donor may be 
administered together in a mixture. For example, the mixture may be administered at least once daily. 

Another aspect of the invention is to provide a use of an EGF receptor agonist and a second 
component, the second component capable of increasing the in vivo generation of NO within the 
intestinal tract of the animal, for treating NEC in an animal. For example, the second component may 
be a substrate of nitric oxide synthase, or a bioequivalent of the substrate, or an NO-donor. 

Another aspect of the invention is to provide a use of an EGF receptor agonist and a second 
component, the second component capable of increasing the in vivo generation of NO within the 
intestinal tract of a person, for treating a person, optionally an infant at risk of NEC. For example, the 
second component may be a substrate of nitric oxide synthase, or a bioequivalent of the substrate, or 
an NO-donor. 

These and other aspects of the present invention will become evident upon reference to the following 
detailed description and attached drawings. In addition, various references are set forth below in the 
"list of references" on pages 13 to 18 which describe in more detail certain procedures, devices or 
compositions. All references on pages 13 to 18 are incorporated herein by reference as though each 
document were reproduced herein in its entirety. Applicant reserves the right, at its discretion, to 
incorporate directly any or all references on pages 13 to 18 during pendency of this application. 

Brief Description of the Drawings 

Figures 1A to IE are representative photomicrographs of small bowel from (1A) control, (IB) 
untreated NEC, (1C) L-arginine-treated, (ID) EGF-treated, and (IE) L-arginine + EGF-treated 
animals. Arrows on the untreated panel indicate area of discoloration and distension (left arrow) and 
stenosis (right arrow), respectively; 

Figure 2 shows clinical scoring on autopsy in the control (n=10), untreated (NEC, n=12), L-arginine- 
treated (n=14), EGF-treated (n=15), and EGF + L-arginine-treated animals (n=15); 

Figure 3 shows a breakdown of individual parameters used in the clinical scoring following autopsy in 
control (n=10), untreated (NEC, n=12), L-arginine-treated (n=14), EGF-treated (n=15), and EGF + L- 
arginine-treated animals (n=15); 

Figures 4A to 4E are representative photomicrographs of distal ileal tissue sections obtained from 
(4A) control, (4B) untreated NEC, (4C) L-arginine-treated, (4D) EGF-treated, and (4E) L-arginine + 
EGF-treated animals; 
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Figure 5 shows damage scores in distal ileal tissue obtained from control (n=10), untreated (NEC, 
n=15), L-arginine-treated (n=ll), EGF-treated (n=ll), and EGF + L-arginine-treated animals (n=14); 
and 

Figure 6 shows total lactase activity in distal ileal tissue obtained from control (n=18), untreated 
(NEC, n=ll), L-arginine-treated (n=ll), EGF-treated (n=14), and EGF+L-arginine-treated animals 
(n=10). 

Detailed Description of the Invention 

Prior to setting forth the invention, it may be helpful to an understanding thereof to set forth 
definitions of certain terms that will be used hereinafter. 

"Necrotizing enterocolitis" (NEC) as used herein means a gastrointestinal disease characterized by: 
systemic symptoms, ranging from apnea, bradycardia and temperature instability to diffuse 
intravascular coagulation and septic shock, intestinal symptoms such as abdominal distension and 
bloody stools and radiological findings such as pneumatosis intestinalis and gas in the portal vein. 

"EGF receptor agonist" as used herein means any molecule which will produce a biochemical effect 
when bound to any of the erbB(l-4) receptors, particularly the erbBl receptor, such that any or all of 
the following effects occur: intestinal glucose transport is increased, the apical surface of the 
enterocytes (cells lining the lumen of the small intestine) are altered, the colonization and 
translocation of pathogenic organisms across mucosal surfaces is inhibited, and gut maturation is 
induced. The molecule is preferably epidermal growth factor. It may otherwise be an antibody, small 
molecule, protein, peptide, peptidic analogues, or peptidomimetic. 

"Epidermal growth factor" or EGF as used herein is a 5 3 -amino acid protein known to be synthesized 
in the duodenum and salivary glands of normal humans, and expressed in human breast milk. The 
amino acid sequence of human EGF is: 

Asn Ser Asp Ser Glu Cys Pro Leu Ser His Asp Gly Tyr Cys Leu His Asp Gly Val Cys Met 
Tyr lie Glu Ala Leu Asp Lys Tyr Ala Cys Asn Cys Val Val Gly Tyr He Gly Glu Arg Cys Gin 
Tyr Arg Asp Leu Lys Trp Trp Glu Leu Arg (SEQ ID NO: 1). 

The protein used in the experiments described herein had the foregoing sequence. Non-human EGF 
sequences which act as EGF in humans are also contemplated. Species variants of EGF are thus also 
included, such as described for mouse, rat and pig (49-52), or bovine EGF as cited in U.S. patent 
application 20030059802, or so-called supra-agonistic chimeras of different EGF receptor ligands 
(53). This definition also refers to a polypeptide having substantially the same sequence and activity 
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as purified native epidermal growth factor. This includes recombinant^ and chemically synthesized 
peptides or proteins. This term also refers to proteins varying from the native sequence by 
substitution with other amino acids or deletion of one or more amino acids, as long as the EGF 

4 biological activity is substantially preserved. The definition also includes fragments, peptidic 
analogues, and peptidomimetics of EGF as long as the EGF biological activity is substantially 
preserved. EGF biological activity can be screened by a receptor binding assay, and confirmed using 
any of the methods indicated above in connection with receptor agonists. Thus, for example, a human 
8 EGF protein in which the methionine (Met) at position 21 is replaced with isoleucine (He) falls within 
the scope of "EGF." Such a protein is denoted hEGF-I 2 i generally, and is generally denoted rhEGF-I 2 i 
if prepared recombinantly (chemically synthesized hEGF is included in the term "hEGF"). Similarly, 
hEGF having the Asp at position 11 replaced with Glu is generally denoted hEGF-En. Some EGF 

12 proteins truncated near the carboxy terminal retain their biological activity, and are generally denoted 
with a subscript indicating the last peptide residue retained. Thus, EGF lacking the last 2 of its normal 
53 peptides is generally indicated as EGF 5 i. Proteins having an amino acid deletion, for example 
wherein Trp 49 is absent, are generally denoted with the term "del" (or .DELTA.) and a subscript 

16 indicating the position, without altering the numbering of the remaining amino acids. Thus, if Trp 49 
were deleted, the resulting protein would be indicated EGF-.DELTA. 49 . Insertions, increasing the 
chain length, are generally indicated as substitutions substituting 2 or more amino acids for one, e.g., 
rhEGF-L/Gis indicates insertion of Gly after the natural Leui 5 . Finally, an EGF of the invention where 

20 His i6 has been replaced by another amino acid, with or without other modifications, is generally 
denoted genetically by EGF-X 16 . Muteins of EGF, as described for example in United States Patent 
No. 6,191,106 (Mullenbach et al), which issued February 20, 2001 also fall within this definition 
provided they have the requisite EGF activity. 

24 "L-Axginine" as used herein means the semiessential amino acid (2-amino-5-guanidinovaleric acid) 
and its salts, e.g., acid addition salts suitable for administration to a mammal. A bioequivalent of L- 
arginine is a compound which, like L-arginine, is a substrate of nitric oxide synthase which generates 
NO in vivo, or may be converted to a substrate of nitric oxide synthase such as L-citrulline via the 

28 arginine-citrulline cycle or enzymes of the urea cycle. The rate-limiting enzyme in endogenous L- 
arginine production is argininosuccinate synthase. The main site of endogenous L-arginine 
production is the kidney, which converts L-citrulline to L-arginine (59). Glutamine is converted to L- 
citrulline in the small intestine (63), and ornithine alpha-ketoglutarate is a precursor of glutamine (61). 

32 A compound, typically a small organic molecule, capable of donating an NO molecule, an "NO 
donor" when administered in vivo may also be administered. Such compounds include, but are not 
limited to, S-nitroso-N-acetyl-penicillamine (SNAP), 3-morpholinosydnonimine (SIN-1), sodium 
nitroprusside (SNP) 4-phenyl-3-furoxancarbonitrile (PFC), glyceryl trinitrate (GTN), and isosorbide 
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dinitrate (ISDN) (60, 61, 62). NO production can be measured in vitro by the Griess assay (54), or by 
chemiluminescent detection (55, 56), or in vivo by the use of manometry and electronic nitric oxide 
sensors (57, 58). A commercial assay for in vitro detection of NO is available from Cayman 
4 Chemicals (Ann Arbor, Michigan). 

The present invention includes a treatment for necrotizing enterocolitis. The subject of the treatment 
may already be suffering from the condition as indicated by any one or more of the following 
symptoms: abdominal distension and tenderness, pneumatosis intestinalis, gas in the portal vein, 
8 occult or frank blood in the stools, intestinal gangrene, bowel perforation, apnea, bradycardia, 
temperature instability, diffuse intravascular coagulation, sepsis and shock (35). The subject may be 
at risk for the condition. Such a subject includes full term infants that may be admitted to the neonatal 
intensive care unit for other reasons such as cyanotic heart disease, enteritis polycythemia or birth 

4-Vm 

12 asphyxia , premature infants, i.e. an infant born before the 37 week of gestation , or a very low 
weight birth weight infant, one of less than about 1500 g (incidence rises to about 10% in infants less 
than 1500 g (17)), down to as little 750 g or less, or even previously healthy full term infants in well 
baby nurseries (4;46). 

16 Treatment or Prevention of NEC 

Treatment or prevention of NEC involves an EGF receptor agonist, and L-arginine or a bioequivalent 
thereof. A treatment of the invention is generally administered . enterally. If this route is 
contraindicated, the treatment may be administered intravenously. 

20 In a preferred embodiment, the invention is an oral product, possibly a pharmaceutical, for treating 
NEC. The product can be dietary product, or the active ingredients can be provided in a form suitable 
for addition to a dietary product, e.g., milk, water, saline, buffered solutions, infant formula, and 
expressed breast milk, other suitable carriers, or combinations thereof. The active ingredients can 

24 then be mixed to the dietary product just prior to administration. 

In a preferred embodiment, the invention is a product that includes both an EGF receptor agonist and 
L-arginine as a therapeutic for the prevention and/or treatment of necrotizing enterocolitis in infants. 
Experiments performed, which establish the feasibility of this combination of such agents as an 
28 effective treatment, are described below. 
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Materials and Methods 

Animal model of disease 

These studies utilized a well-validated neonatal rat model of necrotizing enterocolitis (14). Briefly, 

4 neonatal Sprague-Dawley rats (Charles River Laboratories Inc., Wilmington, MA) were collected 
from their mothers immediately after birth, prior to suckling maternal milk. Animals were weighed 
and placed in infant incubators to control body temperature. Subsequently, rats were hand fed via the 
orogastric route 0.1 ml of rat milk substitute (RMS) consisting of prepared infant formula (Esbilac 
8 formula, Pet-Ag, New Hampshire, IL.) plus or minus the therapeutic supplement every three hours. 
EGF (Austral Biologies, San Ramon, CA) was produced by genetically engineered yeast and purified 
by sequential chromatography and reverse phase high pressure liquid chromatography (HPLC) and 
determined to be >97% pure by N- terminal amino acid sequencing, amino acid composition, HPLC 

12 analysis and SDS gel electrophoresis. Arginine (L-arginine hydrochloride, crystalline, ICN 
Biomedicals Inc, Aurora, OH) was produced by a proprietary synthetic process. EGF (100 ng/ml) 
and L-arginine (1.35-2.7 mg/ml) were admininstered based on daily feed intake to achieve a dose of 
1.5 mmol/kg/day of L-arginine (in standardized units these doses work out to -20 ug EGF/ kg/ day 

16 and ~3 1 6 mg L-arginine/kg/day, for a ratio of about 1 : 472 500 mole/mole). The EGF and L-arginine 
were gently vortexed and thoroughly mixed into the Esbilac infant formula. After 48 hrs of feeding, 
volumes were advanced slowly to 0.3 ml as tolerated. To induce clinical disease rats were stressed 
twice daily with asphyxia by breathing 100% nitrogen gas for 60 sec followed by cold stress at 4°C 

20 for 10 min starting one hour after birth. 

Experimental design 

Six separate experimental groups were studied: unstressed rats artificially fed with EGF-free rat milk 
substitute (RMS) (Control, n=10); stressed rats that were dam-fed (Control (s), n=7); stressed rats 

24 artificially fed EGF-free RMS (NEC, n=10); stressed rats artificially fed RMS supplemented with 100 
ng/ml recombinant human EGF (EGF-NEC, n=6); stressed rats artificially fed RMS supplemented 
with 1.5 mmol L-arginine/kg/day (ARG-NEC, n=6); and stressed rats artificially fed RMS 
supplemented with 100 ng/ml recombinant human EGF + 1.5 mmol L-arginine/kg/day (EGF/ARG- 

28 NEC, n=8). Animals that developed abdominal distension, respiratory distress or lethargy during the 
96-hour course of the experiment were terminated. After 96 hours all surviving animals were killed by 
decapitation and the small intestine removed for further analysis. 
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Measurements 

Body weights and tail lengths were recorded daily, and twice daily urination and defecation was 
induced by gentle stimulation of the anogenital region and stool collected for future analysis. The 

4 small intestine was visually assessed for clinical signs of NEC such as intestinal hemorrhage and 
discoloration, and ileal distension and stenosis. The small intestine was then divided into two halves 
and 2-3 cm of tissue from the distal segment (ileum) fixed, embedded in paraffin, and counterstained 
with hematoxylin and eosin for histological evaluation of NEC (14). Histology was evaluated in a 

8 blinded manner and graded as follows: normal (0) showing no damage; mild (+1) showing slight 
submucosal and/or lamina propria separation (4-2); moderate (+2) displaying moderate separation of 
the submucosa and/or lamina propria, and/or edema in the submucosal and muscular layers; severe 
(+3) showing severe separation of submucosa and/or lamina propria, and/or severe edema in the 
12 submucosal and muscular layers, and regional villus sloughing; necrosis (+4) displaying loss of villi 
and necrosis (14). The length of the remaining ileum was measured and the tissue homogenized in 2.5 
mM ethylenediaminetetraacetic acid (EDTA), snap frozen in liquid nitrogen, and stored at 70°C for 
later analysis of lactase activity (21) and ileal protein (5) and DNA (31) content. 

16 Statistical analysis 

Data are expressed as means ± SE. Data analysis was performed by analysis of variance (ANOVA) 
followed by Tukey's posthoc multiple comparison test. Significance levels were set at 0.05. 

Results 

20 Clinical assessment 

Representative photomicrographs of small bowel obtained from control, untreated, Arg, EGF and Arg 
+ EGF animals are shown in Figure 1 . Macroscopic examination of the GI tract on autopsy showed 
clear evidence of intestinal damage in the stressed untreated group similar to that seen in human 

24 neonatal NEC. Evidence of inflammation and hemorrhage was noted, and the ileum was discolored 
with prominent distension and stenosis. In animals undergoing treatment and displaying a more 
moderate progression of the disease, pathological changes in the small intestine were patchier, with 
scattered areas of distension, stenosis and hemorrhage. The overall clinical appearance of each animal 

28 was assessed (Figure 2). Untreated animals displayed significant tissue pathology over that seen in 
controls. Severity of damage did not differ between the untreated or the Arg-treated groups. In 
contrast, both the EGF and EGF + Arg treatment groups showed significantly less pathology and 
damage scores in these groups were significantly less than that observed in the untreated (NEC) group 

32 though still significantly increased over control animals. The separate parameters examined in the 
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clinical assessment are summarized in Figure 3. Discoloration, a visual assessment of luminal blood, 

was significantly elevated in the untreated, Arg and EGF-treated groups compared to controls. 

Discoloration did not differ between control animals and those in the EGF + Arg-treated group. Both 
4 Arg and EGF + Arg treated groups showed significantly less discoloration than observed in the 

untreated group. While ileal distension was increased in all groups compared to controls none of the 

values reached statistical significance. Luminal gas was elevated in all groups compared to controls. 

Luminal gas did not differ between any of the treatment groups and the untreated (NEC) group. The 
8 untreated, Arg, EGF, and EGF -I- Arg-treated groups all showed significant stenosis when compared to 

controls. Stenosis in the EGF + Arg treated group was significantly less than that seen in the untreated 

(NEC) group. 

Histology 

m 

12 Representative photomicrographs of ileal tissue sections from control, untreated, Arg, EGF, and EGF 
+ Arg-treated animals are shown in Figure 4. Extensive edema, epithelial delamination and 
submucosal separation were all prominent features of tissue obtained from the untreated group. 
Significant damage was also observed in both the Arg and the EGF-treatment group while tissue 

16 obtained from animals receiving the combined EGF + Arg treatment did not appear much different 
from controls. Histological analysis of ileal tissue was performed and is shown in Figure 5. In the 
untreated (NEC) group microscopic examination identified significant pathological changes in ileal 
morphology and structure. Histological damage scores did not differ between NEC animals and those 

20 treated with either EGF or L-arginine alone. Combined EGF/L-arginine treatment reduced the 
histological damage associated with the disease such that histological scores did not differ from 
controls. Histological damage in the EGF + Arg group was significantly less than that measured in 
the Arg or EGF-treatment groups. 

24 Lactase activity 

Additional measurements assessed the functional integrity of the small intestine by assaying the 
activity of the digestive enzyme lactase (Figure 6). Total lactase activity was significantly decreased 
in NEC rats compared to controls. EGF or L-arginine treatment alone did not alter the deficit in 
28 lactase activity. In stressed animals treated with combined EGF/L-arginine therapy, total lactase 
activity was increased over the untreated group and the Arg or EGF-treated animals but this effect did 
not reach statistical significance. 



SUBSTITUTE SHEET (RULE 26) 



WO 2005/058345 



12 



PCT/CA2004/002142 



Conclusions 

The foregoing results thus establish that combined EGF-L-arginine treatment can provide clinical 
benefits and efficaciousness superior to those that would be expected from the previously known 

4 effects of their individual administration. While EGF alone was shown to provide some protection 
against physical damage to the intestine and L-arginine alone decreased the appearance of blood in the 
lumen of sick animals, only the combined EGF-L-arginine treatment improved both measurements. A 
combined treatment of EGF-L-arginine reduced the level of overall damage and injury in an 

8 established model of necrotizing enterocolitis. 

The relative amounts of EGF receptor agonist and L-arginine are conveniently determined on a molar 
basis. A bioequivalent of L-arginine, if capable of producing, on a molar basis, a greater amount of 
NO than L-arginine as a substrate of nitric oxide synthase, would be determined on a mole-equivalent 
1 2 basis of the amount of NO the bioequivalent is capable of producing. Similarly, the amount of NO 
released by an NO-donor would be determined on a mole-equivalent basis. 

A treatment of the present invention, for administration to an infant, would require administration by 
an appropriate route. As the agents are to preferably be administered so as to be biologically available 

16 to the free luminal side of epithelial cells of the intestine, oral administration would be most preferred. 
As such, a unit dose of the two agents would be provided in a suitable container for ready opening and 
delivery to and mixture with a dietary product. A suitable amount of the components of the present 
invention could thus be provided in a powdered or granular form to be added directly to milk or other 

20 food to be consumed by an infant. Alternatively, the components may be provided in a solution form 
suitable to be immediately or upon dilution with a suitable solution consumed by the infant. The 
preceding solutions may be administered to the infant via a nasogastric or an orogastric route. 

Examples of suitable dietary products include water, saline, buffered solutions, infant formula, and 
24 expressed breast milk, other suitable carriers, or combinations thereof. Any solution suitable for oral 

administration may be used. Additives may be added which act as bystander proteins (ie nonactive 

protein "filler"), which protects the EGF from enzymatic degradation by pancreatic proteases (42). 

For example, casein (a milk protein) has been used for this experimentally (42). Other approaches 
28 may involve administering with a protease inhibitor to preserve EGF structure and activity. 

Alternatively, a treatment of the invention may be administered orally, enterally, parenterally, 
intravenously, subcutaneously, nasally or by enema. It may be possible to choose an intravenous 
route for an initial period of treatment as, for example, when initially treating NEC, during which 
32 period some patients are incapable of receiving an orally administered treatment. At such time, the 
patient typically has ileus. Ileus is typically diagnosed on physical examination by a lack of normal 
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bowel sounds and by feed intolerance and vomiting. Typical time course is one to two weeks. 
Typically oral feeding is begun 10 days following diagnosis of ileus, and resumption of normal bowel 
sounds and resumption of feed tolerance can be confirmed if thought necessary. Once the ileus is 
4 resolved, treatment may be continued through a second period in which the treatment is administered 
orally. The composition may be prepared as a spray, solution, suspension, colloid, concentrate, 
powder, granules, tablets, pressed tablets, capsules (included coated and uncoated tablets or capsules), 
suppository and the like. Delayed release or controlled release formulations are also included. 

8 The formulations may include additives such as viscosity adjusting agents, osmosity adjusting agents, 
buffers, pH adjusting agents, flavorings, stabilizers, colorings, preservatives and the like where 
required. 

A unit dose would be a dosage suitable for administration in a single administration, i.e., a single 

12 feeding of an infant. A unit dose thus includes from about 200 mg/kg/day (0.9 mmol/kg/day) to about 
500 mg/kg/day (2.4 mmol/kg/day) of L-arginine, or more preferably from about 250 mg/kg/day (1.2 
mmol/kg/day) to about 400 mg/kg/day (1.9 mmol/kg/day), or more preferably from about 300 
mg/kg/day (1.4 mmol/kg/day) to about 350 mg/kg/day (1.6 mmol/kg/day) L-arginine and from about 

16 0.2 ug/kg/day (0.032 nmol/kg/day) to about 2 mg/kg/day (0.32 umol/kg/day), or more preferably from 
about 1 ug/kg/day (0.16 nmol/kg/day) to about 1 mg/kg/day (0.16 mmol/kg/day), or more preferably 
from about 2 ug/kg/day (0.32 nmol/kg/day) to about 0.2 mg/kg/day (32 nmol/kg/day) of EGF 
receptor agonist. In this specification "ug" means microgram, "umol" means micromole, etc. 

20 Typically, the L-arginine-EGF receptor agonist ratio would be between about 1 :45400000 mol EGF 
receptor agonist/mol L-arginine and about 1:4500 mol EGF receptor agonist/mol L-arginine, more 
likely between 1 : 4540000 mol EGF receptor agonist/mol L-arginine and 1 :45000 mol EGF receptor 
agonist/mol L-arginine. It is contemplated that treatment would be administered probably at least 

24 once a day, 3 or 4 times per day, or even continuously. Intermittent doses could be administered by 
any convenient route, e.g., bolus infusion, oral preparations discussed elsewhere herein, etc., 
subcutaneously, or by continuous IV drip. More continual administration would more typically be by 
I.V. drip or controlled release implants. 

28 Generally speaking, EGF is prepared by a synthetic process, being manufactured by conventional 
biotechnological or chemical techniques. Of course, EGF might be obtained from a natural source. 

Preferably, the combination of factors of the invention would be provided as a single mixture and 
administered together, but they could be provided in a kit in separate compartments and mixed for 
32 administration, or administered separately. Preferably, both are biologically available to the luminal 
side of epithelial cells of the intestines. 
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When prepared for mixture with a liquid, as for delivery with water or infant formula, the unit dose 
could have a solubility enhancer incorporated thereinto. 

It may well be that the effectiveness of a dosage would be increased by use of a coated composition, 
4 one that would not dissolve until it reached the intestine. Reference may be made to "Remington's 

Pharmaceutical Sciences", edited by Gennaro (Mack Publishing Company, 19th Ed., 1995). 

Pharmaceutical^ acceptable salts of the active agents (e.g., acid addition salts of L-arginine) may be 

prepared using standard procedures known to those skilled in the art of synthetic organic chemistry 
8 (34). As well, it may be desirable to include a suitable pharmaceutically acceptable carrier such as 

those used conventionally with peptide-based drugs, such as diluents, excipients and the like. 

The product would of course be provided in sealed sterile packaging. Typically the EGF or 
equivalent polypeptide is provided as a lyophilized material. 

12 The concurrent administration of L-arginine with EGF produces a synergistic benefit in the treatment 
and prevention of NEC. In a study by Dvorak et al (48) no significant clinical benefit was reported 
when EGF was administered at a physiological concentration of 100 ng/ml. In these studies EGF at a 
concentration of 500 ng/ml was used to demonstrate a protective effect. The results of the studies 

16 related to the present invention showed that 100 ng/ml of EGF administered in combination with 2.7 
mg/ml L-arginine provided significant clinical benefit in the prevention and treatment of NEC. 
Furthermore, the combination of EGF and L-arginine provided significant benefit over that seen when 
100 ng/ml EGF or 2.7 mg/ml L-arginine were individually administered. 
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